I n biological systems, essential fatty acids (EFAs) are converted through desaturation and elongation reactions to 20-carbon polyunsaturated fatty acids (PUFAs), which are precursors of eicosanoids. Because of this precursor-product relation, modifications of the dietary intake of linoleic or a-linolenic acid or the administration of preformed eicosanoid precursors may affect eicosanoid production in the body. This is of special interest in the vascular compartment, where these compounds perform diverse biological activities and may modulate the progression of pathological states.
Experimental studies have demonstrated that the dietary intake of vegetable oils containing linoleic acid leads to a decreased arachidonic acid content of platelets, a mild decrease in platelet aggregation, and reduced thromboxane A 2 (TxA 2 ) production. 1 -4 Fish oils also induce a decrease in the arachidonic acid content of platelets and vessel walls, together with a decreased synthesis of TxA 2 and unaltered formation of prostaglandin I 2 (prostacyclin [PGIJ). 5 " 9 However, less information is available about the effect of olive oil administration on the lipid composition and eicosanoid production in the vascular compartment. This type of oil, which is widely consumed in the Mediterranean region where cardiovascular disease shows a particularly low prevalence, 10 beneficially influences plasma lipids by decreasing circulating levels of cholesterol and low density lipoprotein cholesterol. 11 ' 12 We have previously reported that olive oil feeding compared with corn oil feeding induces an increase in long-chain PUFAs of the n-3 series. 13 - 14 In addition, Masi et al 15 have found an increase in the arterial production of PGI 2 in rabbits fed olive oil, whereas Sirtori et al 16 have described that in humans, olive oil intake induces a decrease of plasma TxA 2 .
In the present study, we have evaluated the effect of low-and high-fat diets containing olive or sunflower oil on the fatty acid composition of rat platelet and aortic phospholipids and on blood levels of 6-ketoprostaglandin F, a (6-keto-PGF lo ) and TxB^ Plasma and aortic cholesterol contents were also determined.
Methods

Animals and Diets
Male weanling Wistar rats weighing 50-55 g were housed in wire-bottom cages with a 12-hour light/dark cycle. Rats were randomly assigned to four groups containing 20 animals each. Two groups were fed similar diets with 5% fat supplements made of 5% sunflower oil (S-5) or 5% olive oil (O-5). The other two groups were fed diets that were isocaloric with the former but contained 25% fat supplements made of 25% sunflower oil (S-25) or 25% olive oil (O-25). The composition of the diets is shown in Tables 1 and 2 . The diets were stored at 4°C, and the rats were fed fresh food daily. Food and water were provided ad libitum during the 4 weeks of the study.
Sample Collection
Blood samples collected from the abdominal aortas of rats previously anesthetized with 0.5 ml 20% urethane/ 100 g body wt were centrifuged according to the method described by Hashimoto et al 17 to obtain platelet suspensions. Aortas were also excised, washed with cold saline solution, frozen with liquid nitrogen, and stored at -30°C until analyzed.
Plasma for 6-keto-PGF la quantification was obtained by immediate centrifugation of a volume of blood collected in ice-cold tubes containing 95 jtl of 2% Na 2 EDTA and 5 fil of 0.04 M indomethacin/ml blood. TxB? was analyzed in serum that had previously been allowed to clot in glass tubes for 2 hours.
Fatty Acid Analysis
Platelet and aortic lipids were extracted with 2:1 (vol/vol) chloroform/methanol according to the procedure of Folch et al. 18 Phosphatidylcholine (PC) and phosphatidylethanolamine (PE) were separated in aortic and platelet lipid extracts by thin-layer chromatography by using ethyl acetate/chloroform/n-propanol/ methanol/0.25% KC1 (25:25:25:10:9, vol/vol/vol/vol/ vol) as the solvent system. 19 Areas corresponding to both lipid classes were immediately scraped off the plates and analyzed for fatty acid composition. Methylation of fatty acids was performed according to the method of Morrison and Smith. 20 Fatty acid analysis was performed by gas-liquid chromatography using a Konik KNK-3000 HRGC (Konik, Barcelona, Spain) gas chromatograph equipped with a 30-m-longx0.15-/xm-intemal-diameter J&W fused-silica capillary column DB23 30N (J&W Scientific, Folsom, Calif.). Peaks were identified by comparison with known standards, and the results are reported as area percentages.
6-Keto-PGF la and TxB 2 Assays
Serum and plasma samples that had previously been acidified with IN HC1 to pH 3.5 were extracted on Results are expressed as the percentages of total fatty acid methyl esters.
Sep-Pak C 18 cartridges as described by Powell. 21 TxBj and 6-keto-PGF la were quantified by radioimmunoassay using commercial kits purchased from Amersham (Nuclear Iberica, Barcelona, Spain), which employs ^I as the radioactive tracer.
Cholesterol Assay
Cholesterol level in plasma and aortic lipid extracts was determined by the enzymatic method of Roschlau et al. 22 
Statistical Analysis
All results are shown as mean±SEM. Comparisons between mean values for fatty acids and eicosanoids were made by one-way analysis of variance and a posteriori Fischer least significant difference tests.
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Results
The relative fatty acid composition of platelet and aortic PE and PC is shown in Tables 3-6. Rats fed the sunflower oil diets showed the highest levels of saturated fatty acids mainly because of the increase in the percentage of stearic acid; however, these fatty acids were almost unaffected by the differences in fat content of the diet.
As could be expected, oleic acid was markedly increased in platelet and aortic phospholipids of the two groups of rats fed the olive oil diets, with no differences between high-fat and low-fat diets. Conversely, the highest levels of linoleic acid were found in rats fed the sunflower oil diets; this fatty acid also showed a marked increase in the S-25 group with respect to the S-5 group. Arachidonic acid, the major metabolite of linoleic acid, was significantly increased only in platelet PE and aortic PC of rats fed the S-5 diet compared with those fed the O-5 diet; in addition, a marked decrease of this fatty acid could be observed in the platelet PE of rats fed the S-25 diet. Fatty acids 22:4(n-6) and 22:5(n-6) were increased in aortas of rats fed the S-5 and S-25 diets, whereas in platelet phospholipid fractions both fatty acids were unaffected by diet.
There were no significant differences in a-linolenic acid levels among the various groups of animals. The major metabolite of a-linolenic acid found in platelet and aortic phospholipids was 20:5(n-3), which was significantly increased in the aortic phospholipid fractions and in the platelet PE of both O-5 and O-25 groups with respect to the sunflower oil groups; in addition, a decrease of this fatty acid could be observed in the aortic PC and platelet PE of the O-25 group compared with the O-5 group.
Plasma 6-keto-PGF la showed higher levels in rats fed olive oil than in those fed sunflower oil; no differences were observed between high-fat and low-fat diets (Figure 1) . Conversely, animals fed S-5 and S-25 diets showed a marked increase in serum TxB^; this eicosanoid was also significantly increased in the O-25 group with regard to the O-5 group.
Plasma cholesterol levels decreased in rats fed olive oil diets; a significant decrease was also observed in animals fed high-fat diets with respect to those fed low-fat diets (Table 7) . Aortic cholesterol content was unaffected by diet. 
Discussion
Experimental and clinical studies suggest that arterial and venous thromboses are influenced by dietary fat. A positive correlation between a high intake of saturated fat and thrombosis has been described, whereas a reduction in thrombotic tendency has been observed O-5, 5% olive oil diet; O-25, 25% olive oil diet; S-5, 5% sunflower oil diet; S-25,25% sunflower oil diet; (n-6) PUFAs >Cis, polyunsaturated fatty acids with more than 18 carbon atoms of the n-6 series; (n-3) PUFAs >Ci8, polyunsaturated fatty acids with more than 18 carbon atoms of the n-3 series. Results are expressed as mean percentages±SEM of total fatty add methyl esters in 10 animals.
•p<0.05 vs. S-5 diet; V<0.05 vs. O-25 diet. when PUFAs of the n-6 and n-3 series are incorporated in the diet. 24 In the present study, we have evaluated the effect of olive oil intake on rat platelet and aortic fatty acid composition and on TxA 2 and PGI 2 production. The major findings are that this high monounsaturated fat compared with a high unsaturated fat induces a marked increase in PUFAs of the n-3 series of platelet and aortic phospholipids and in plasma 6-keto-PGF la , with a decrease in serum TxB 2 .
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H i O-5 CZIO-25 FIGURE 1. Bar graphs of plasma 6-ketoprostaglandin F la (6- were lower in olive oil-fed rats. Rats fed the O-5 and O-25 diets showed the highest levels of 18:l(n-9) as a result of the high content of this fatty acid in olive oil. In both aortic and platelet phospholipids, these groups of animals also showed a slight increase in 20:3(n-9) with respect to sunflower oil-fed rats. We attribute this increase to the high content of 18:l(n-9) in olive oil, which probably favors elongation and desaturation of this fatty acid. However, we cannot completely exclude the possibility that the O-5 group, which showed the highest levels in 20:3(n-9), might have had a slight deficiency of 18:2(n-6), although none of the additional symptoms of EFA deficiency, such as a marked decrease of 20:4(n-6) and an increase of saturated fatty acids, were present. The high amount of 18:2(n-6) in sunflower oil was responsible for the increase of this EFA in rats fed the two sunflower oil diets; furthermore, the S-25 group showed higher levels of 18:2(n-6) than the S-5 group.
The increased linoleic acid found in aortic phospholipids of the S-5 group was correlated with an increase of its major long-chain metabolites, 20:4(n-6), 22:4 (n-6), and 22:5(n-6). However, in platelets 20:4(n-6) was the only significantly increased metabolite, and this occurred exclusively in PE. On the other hand, these long-chain n-6 PUFAs were unaffected by the fat content of the diet with the exception of platelet PE, which showed in the S-25 group a marked decrease of 20:4(n-6). The variability of 20:4(n-6) as reported in the scientific literature 14 -26 confirms the differential be- 18 , polyunsaturated fatty acids with more than 18 carbon atoms of the n-6 series; (n-3) PUFAs >Ci S , polyunsaturated fatty acids with more than 18 carbon atoms of the n-3 series. Results are expressed as mean percentages ±SEM of total fatty acid methyl esters in 10 animals.
•p<0.05 vs. S-5 diet; t p<0.05 vs. O-25 diet.
havior of this fatty acid in diverse dietary situations. As a general rule, 20:4(n-6) depends primarily on the linoleic acid content of the diet, which is known to act as an inhibitor of desaturase activity, 27 but the magnitude of the alterations appears to be tissue specific. 28 In this respect we must take into account that in our situation, while the aorta showed the capacity to elongate and desaturate EFAs, 29 " 31 platelets had only elongase activity3233 a n ( j thus depended on the plasma fatty acid supply to renew their membrane phospholipids.
In agreement with our previous reports, 13 ' 14 -25 longchain PUFAs of the n-3 series and especially 20:5(n-3) were markedly increased in rats fed the olive oil diets. A similar increase has also been described for 22:6(n-3) in liver phospholipids of dogs fed similar diets and in human platelet and erythrocyte phospholipids. 26^4 This increase may be explained by the competition existing among oleate, linoleate, and a-linolenate toward the A 6 -desaturase enzyme system; the enzyme substrate affinity is in the order 18:3(n-3)>18:2(n-6)>18:l (n-9). 27 The higher 18:2(n-6) to 18:3(n-3) ratio found in sunflower than olive oil could favor a-linolenate desaturation in olive oil-fed animals.
Serum TxB2 levels increased in rats fed the S-5 and S-25 diets; a similar increase has also been reported in humans fed diets containing corn oil. 16 Although TxA 2 is the major eicosanoid synthesized by platelets, 33 20:5(n-3) is also converted through the cyclooxygenasethromboxane synthase system into the less aggregating TXA3 36 ; thus, competition exists between 20:4(n-6) and 20:5(n-3) for cyclooxygenase. Rats fed the S-5 diet showed higher levels of 20:4{n-6) and lower percentages of 20:5(n-3) in platelet phospholipids than the O-5 group, a finding that may be related to the increased serum TXB2 found in the former group. However, in the S-25 group we found a marked decrease in 20:4{n-6) in platelet PE, notwithstanding a rise in TxBa levels. Therefore, it is suggested that several other mechanisms in addition to the availability of precursors may also regulate platelet thromboxane synthesis.
The highest levels of 6-keto-PGF la were found in the plasma of the O-5 and O-25 groups. Masi et al 15 have also reported an increased production of 6-keto-PGF, a in rabbits after dietary intake of olive oil. As both groups of animals showed the lowest 20:4{n-6) aorta percentages, here also other mechanisms have to be responsible for the modulation exerted by olive oil on aortic PGI 2 synthesis. It has been widely described that olive oil is as hypocholesterolemic as unsaturated fats.
1112 - 16 With our experimental conditions, we found a significant reduction in plasma cholesterol levels in rats fed olive oil diets. However, aortic cholesterol content was unaffected by diet.
If olive oil diets rich in monounsarurated fatty acids could induce a similar effect in humans, long-term consumption of olive oil might favorably influence cardiovascular-related parameters. Additional studies are needed to further clarify the mechanisms by which olive oil induces these important changes in the vascular compartment.
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